Some small molecules, such as phthalocyanines, capable of exhibiting greatly enhanced capacities and acting as internal tags, are shown to be effective as replacements for polydisperse polyethylene glycols, in soluble polymer-supported type synthesis of some piperidine and piperazine derivatives.
Since phthalocyanines [1, 2] (Pc) are inert to many chemical reactions; can be usually selectively precipitated with diethyl ether; have high capacity for organic substrates on a weight by weight basis; and, due to their intense green color, can act as internal colored tags, these molecules would make ideal replacements for soluble polymer-supported platforms [3, 4] for organic synthesis. Compared to polyethylene glycol monomethyl ether (MPEG), phthalocyanines have at least 16 times the capacity of MPEG, but still have the advantages inherent in solid phase organic synthesis [5] [6] [7] .
We now report for the first time the use of a phthalocyanine, a non-polymer molecule, as a soluble support unit. Shey and Sun [8] reported the use of a MeOPEG-OH polymer for complete analysis of a soluble supported reaction where proton NMR determined the extent of the liquidphase reaction without cleavage from the soluble matrix [8] . In our work, treatment of the known 2,9,16,23-tetrakis(2-hydroxymethyl-2-methylbutoxy)phthalocyanine [9] (1) with copper acetate gave 2,9,16,23-tetrakis(2-hydroxymethyl-2-methylbutoxy)phthalocyaninatocopper(II) 1 (2) as the soluble support unit (Scheme 1).
Here Pc 2 was used in this test strategy. The Pc support 2 was suspended in a solution of toluene where an excess of 4-chloromethylbenzoyl chloride (3) was added. The reaction mixture was heated for 5 h. At this point, precipitation was easily induced with diethyl ether and washed with ether several times to give the Pc-bound benzyl chloride 4 1 . It should be noted that complete precipitation is easily observed when the supernatent liquid is completely devoid of the blue color of the phthalocyanine. The eye can detect less than a 10 −5 M solution of the Pc. The infrared spectrum of this precipitate exhibited a strong absorption peak at 1718.0 cm −1 , indicative of the carbonyl group of the ester and no absorptions were observed in the alcohol region. A MALDI-MS spectrum of this product showed a peak at 1651.0 Da (relative intensity 100%), indicating formation of the tetraester. As shown below, however, partial reaction to form the mono, di and triester also occurred. Other ions in the spectrum included peaks at 1540.4 and 1431.4 m/z, which could not be identified as any molecular structure which could be formed from the reaction (Figure 1) .
The Pc-bound benzyl chloride 4 was then dissolved in anhydrous dichloromethane and an excess of piperidine (5) or a 40-fold excess of piperazine (6) was added to this mixture, which was stirred at room temperature for 24 h, to give the Pc bound piperidine 7 and piperazine 8 products, respectively. A very large excess of 6 was employed to ensure that reaction occurred at only one of the amine groups and that no double-bound products would be formed [10, 11] . These reactions were diluted with ether, and an IR spectrum of the washed precipitates exhibited strong absorptions at 1718 cm −1 for the ester group of 7 2 . The Pc-bound piperazine 8 was benzoylated with excess benzoyl chloride in anhydrous DMF and triethylamine at room temperature for 24 h to give the Pc-bound piperazine amide 9, which in addition to the ester peak showed an absorption peak at 1697 cm −1 due to the amide. A MALDI-MS of the precipitate 7 exhibited molecular ions, which was indicative of Pc 7 being formed. Although partial reaction of starting Pc 2 with 3 had not been indicated in the MALDI-MS of 4, the MALDI-MS of the precipitate 7 from the addition of piperidine showed that indeed, these products were present. Thus, analysis of the MALDI-MS spectrum of 7 showed that products derived from the Pcbound mono, bis, tris and tetrakis benzyl chloride derivatives of 7 were substituted by one (1241.5 m/z), two (1443.5 m/z), three (1644.7 m/z) and four (1845.8 m/z) piperidine units. The MALDI-MS spectrum of 9, formed from piperazine, did exhibit the expected peak at 2266.9 m/z, derived from tetrakis 4. The precipitates were soluble in common organic solvents such as: dichloromethane, THF (tetrahydrofuran), toluene, pyridine and remained insoluble in methanol, ether and hexanes.
Final cleavage of the piperidine and piperazine products from the Pc supports 7 and 9 was achieved by transesterification, which most efficiently occurred under reflux conditions with sodium methoxide in a solution of methanol and THF for 12 h. Since in these transesterification cleavage reactions, precipitation of the recovered Pc supports were not induced with ether or hexane, the solvent was removed and the residue was washed with ether to remove any soluble cleavage product from the transesterification. At this stage the recovered phthalocyanine material 2 was not soluble in ether. The ether washings were extracted with water and purified by chromatography with ethyl acetate:hexanes (9:1). From Pc 7 a product 10 was obtained which showed spectroscopic properties consistent with the proposed structure [12] . The final product 10 prepared on the Pc system was obtained in a 42% yield based on the tetrasubstituted Pc 4. An EI-MS exhibited the molecular ion at 232 m/z, while other fragments seen due to the loss of OMe (202 m/z), and piperidine (149 m/z), further confirmed the structure, of this known compound [12] . From Pc 9 the EI-MS obtained of the cleaved known product [12] purified by ethyl acetate:ether (55:15) gave a parent ion at 338 m/z, although the yield of 11 was only about 10%, depending on the loading of 10. An IR-spectrum obtained of the Pc residues of these reactions showed no ester peaks, which were present before the transesterification reaction, thus indicating that the reaction was complete. The Pc obtained from this reaction was washed with water and dried. The MALDI-MS of these precipitates indicated that the cleavage was complete giving back the initial Pc 2 (Figure 2) .
Although NMR methods were effective for monitoring the synthesis of 10 and 11 on MPEG [8] , this method was less effective using the Pc system. There are several reasons for this. Firstly, the Pc 2 selected for this proof of concept demonstration was a paramagnetic copper Pc and thus generally unsuited for NMR spectroscopy. Secondly, a tetrasubstituted Pc, such as 2, exists as a mixture of isomers, which complicates the NMR spectra. Thirdly, the fact that four functionalities exist on each Pc platform means that incomplete reactions can further give complex NMR spectra. We, in fact, had initially tried some reactions on the diamagnetic zinc analog of Pc 2, but found that NMR was not too useful as a characterization tool in this system, due to the second and third reasons. On the other hand, MALDI-MS proved to be invaluable in characterizing exactly what was occurring on the phthalocyanine platform, particularly since phthalocyanines usually give good molecular ions.
The MALDI-MS of the precipitated recovered Pc 2 showed the parent ion, but with a slightly different isotopic distribution pattern than that of freshly prepared Pc 2. Recycled 2 was subjected to esterification with 3, but the MALDI-MS of this product exhibited peaks corresponding to the addition of only one and two units of 3. Optimization of the reesterification step may enable 2 to be recovered and re-used.
In summary, like fluorous tags [13] [14] [15] or precipitons [16] , which have their own advantages and disadvantages, phthalocyanines have been shown to act as small molecule supports in an organic synthesis. Advantages of this protocol, compared to reactions on MPEG, for example, include increased capacities, visual monitoring of the precipitation process, the use of MALDI-MS in following each step of the reaction, and simple recovery of the support for re-use. One disadvantage includes the fact that NMR was not useful for the described system, but the use of a symmetrical phthalocyanine such as an octasubstituted Pc [1, 2, [17] [18] [19] may alleviate this problem and is the subject of continuing studies.
Preparation of 4:
To 51 mg of 1 [9] 
